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The effect of nitrogen (N) fertilisation on the growth of winter wheat varieties was examined in three diverse years using the functional method of growth analysis. The main plot in the two-factorial, split-plot experiment was the N treatment and the subplot the variety. The wheat varieties Mv Toborzó (extra-early), Mv Palotás (early) and Mv Verbunkos (mid-early) were treated with N rates of 0, 80, 160 and 240 kg N ha 
Introduction
The basic principles and classical method of growth analysis were detailed by Evans (1972) , while the functional method of growth analysis was elaborated by Causton and Venus (1981) and Hunt (1982) . The latter method involves the fitting of mathematical functions to the measurement data, which are then used to calculate the instantaneous values of various parameters. The primary 36 variables used in growth analysis are dry mass and leaf area data recorded at various intervals. The functional method has numerous advantages compared with classical growth analysis, as summarised by Hunt (1982) . One advantage is that the functional method considers the data from all the sampling dates simultaneously, while the classical method uses various formulae to calculate the parameters from the data of only two sampling dates. A further advantage of the functional method is that it balances out small random fluctuations, making the complex process of growth easier to interpret. Hunt and Parsons (1974) developed a growth analysis program which uses the stepwise method to choose the type of function that best fits the data. This growth analysis program is widely used, both in Hungary and throughout the world. Reviews of the functional method of growth analysis and of its application in Hungary were published by Berzsenyi (2000; 2002) . Sugár and Berzsenyi (2009) used the classical method of growth analysis to investigate the effect of N fertilisation on the growth dynamics and yield of various wheat varieties. Micskei et al. (2010) analysed the effect of farmyard manure and mineral fertiliser on the growth of maize in a long-term experiment, using the Hunt-Parsons program for plant growth analysis. Berzsenyi (1996) studied the N fertiliser responses of maize hybrids with the help of growth analysis, while Árendás et al. (2010) demonstrated the fertiliser responses of maize and winter wheat as a function of year and forecrop in a long-term experiment.
The aim of the present work was to investigate the effect of nitrogen fertilisation on the growth of different winter wheat varieties in several years using the Hunt-Parsons model. The first results of this work were published by Sugár and Berzsenyi (2010) . For the purpose of growth analysis, destructive samples consisting of 5 plants per plot were taken once a week on a total of 25 occasions in 2007, 21 in 2008 and 17 in 2009 , covering the whole growing season. Sampling was begun when the wheat reached the two-leaf stage. The dry mass of the samples was determined after drying for 48 h in a drying cabinet at 60°C and the fresh leaf area was recorded using an AM300 leaf area meter. The method elaborated by Hunt and Parsons (1974) was used to evaluate the data. The Hunt-Parsons program fits first-, second-or third-degree exponential functions to the basic dry mass and leaf area data in a stepwise manner. The program also calculates the standard error and the values of the 95% confidence interval for the whole of the sampling period. The absolute growth rates (AGR, ALGR), relative growth rates (RGR, RLGR), net assimilation rate (NAR) and leaf area ratio (LAR) calculated by the program were characterised in terms of dynamics over time and mean and maximum values.
Materials and methods

Growth
Results and discussion
Effect of N fertilisation on the dynamics of dry matter production and leaf area of winter wheat varieties
The Hunt-Parsons program fitted third-degree exponential functions to the dry matter accumulation data (Figs. 1-3), with the exception of the dry matter accumulation of Mv Toborzó and Mv Verbunkos in the N 0 treatment in 2007, for which second-degree functions were fitted. These second-degree exponential functions were only plotted up to the maximum values of the data. In all cases the functions gave a good fit to the measurement data (R 2 = 94.7-99.3%). The dynamics of dry matter accumulation was of the sigmoid type up to the maximum value and gave a good expression of the effect of the nitrogen treatments. 
Effect of N fertilisation on the growth rates of total dry matter (AGR, RGR) and leaf area (ALGR, RLGR) of the wheat varieties
The dynamics of the absolute growth rate (AGR) was typically described by a Gauss curve. The AGR dynamics of the N 0 treatment differed greatly from that of the fertilised treatments. In all three years the AGR dynamics was similar, with differences mainly in the maximum values. The AGR dynamics in 2008 is illustrated in Figure 4 , and the maximum AGR values (AGR max ) in Table 1 
42
The dynamics of the absolute growth rate of the leaf area (ALGR) was characterised by an increase up to a maximum value, followed by a gradual decline until the end of the growth period. The rapid withering of the foliage resulted in a negative growth rate, increasing up to a negative maximum, after which the withering rate declined. The dynamics of ALGR was similar for all the experimental factors. The ALGR dynamics for 2008 is illustrated in Figure 4 , and the maximum values, which exhibited substantial differences, in Table 2 
Effect of N fertilisation on the net assimilation rate (NAR) and leaf area ratio (LAR) of wheat varieties
The dynamics of the net assimilation rate (NAR) was characterised by a rapid growth stage up to a relatively constant value, followed by a further rapid increase as the foliage withered. The NAR dynamics recorded in 2008 is illustrated in Figure 5 . The value of NAR was constant for a relatively long period in 2007 and 2008 , from approximately the 110 th to the 180 th day after sowing, i.e. until first node appearance. The mean NAR values during this period are summarised in Table 3 . As this parameter expresses the dry matter gain per unit leaf area, the value of NAR exhibits an increase as the leaf area declines. Figure 5 . After a short initial period of growth, LAR reached its maximum value, after which it tended to decline until the end of the vegetation period. The maximum values (Table 3) In conclusion it can be stated that the values of dry matter production, leaf area and growth parameters rose in most cases up to N 160 or N 240 . Among the varieties, Mv Verbunkos had the greatest dry matter production in all three years, and also exhibited the highest values of leaf area, AGR max and ALGR max . The highest LAR was achieved by Mv Toborzó and the highest RLGR and NAR by Mv Palotás. Of the years, 2007 was extremely dry, as reflected in the growth parameters and yield. The highest values of leaf area, AGR, ALGR, RLGR, NAR and LAR were obtained in 2008.
